Background: Most patients undergoing in-hospital cardiac resuscitation will not survive to hospital discharge.
Results:
One hundred three patients (9.6%) survived to hospital discharge. Death in hospital was significantly more likely if patients were older than 75 years (PϽ.001), the arrest was unwitnessed (P = .003), the resuscitation lasted longer than 10 minutes (PϽ.001), and the initial cardiac rhythm was not ventricular tachycardia or fibrillation (PϽ.001). All patients died if there was no pulse 10 minutes after the start of cardiopulmonary resuscitation, the initial cardiac rhythm was not ventricular tachycardia or fibrillation, and the arrest was not witnessed. As a resuscitation rule, these parameters identified all patients who survived to hospital discharge (sensitivity, 100%; 95% confidence interval, 97.1%-100%). Resuscitation could have been discontinued for 119 (12.1%) of 974 patients who did not survive, thereby avoiding 47 days of postresuscitative care.
Conclusions: A practical and highly sensitive decision rule has been derived that identifies patients with no chance of surviving in-hospital cardiac arrest. Prospective validation of the rule is necessary before it can be used clinically. Med. 1999; 159:129-134 C ARDIOPULMONARY resuscitation (CPR) and advanced cardiac life support are used to resuscitate patients suffering cardiac arrest. With the exception of airway management and cardiac defibrillation, the effectiveness of interventions provided during resuscitation is uncertain. 1 Physicians and other health care personnel often expend prolonged amounts of time and effort in attempting to resuscitate patients. Resuscitated patients may be subjected to prolonged, intensive, and invasive therapy. Throughout this time, the patient's family and members of the health care team often deal with difficult emotions and decisions. Several clinical factors have been associated with poor outcome following inhospital cardiac arrest. Death has been shown to be independently associated with several prearrest clinical factors including hypotension, 2 renal failure, [3] [4] [5] pneumonia, 2 poor functional status, 2, 6 and metastatic cancer. 2, 5 Several factors identifiable during the arrest independently predict mortality including prolonged duration of resuscitation 2, 6, 7 and initial cardiac rhythms other than ventricular tachycardia or fibrillation. 6, 8, 9 Postarrest factors such as high Acute Physiology and Chronic Health Evaluation II or low Glasgow Coma Scale scores are associated with death after initially successful resuscitation. 10 However, most of these studies were conducted within a single center, contained small numbers of arrests, or used data from unblinded and retrospective medical record review. Therefore, it is not surprising that some of the studies have conflicting results. Several studies 8, [10] [11] [12] have combined various prearrest, arrest, and postarrest factors into clinical decision rules for predicting survival following cardiac arrest. However, because the probability of survival from inhospital cardiac arrest in most studies is less than 20%, a decision rule will not change management unless it can confidently predict the likelihood of survival to be nil. None of the published rules 8, [10] [11] [12] have this level of accuracy. The rules can be impractical for common use because they require large amounts of clinical data, 10, 11 complex mathematical calculations, 9 or involve clinical information not available to the resuscitation team.
Arch Intern
In this study, we used prospectively collected data for patients entered into 1 of 2 randomized controlled trials to derive a clinical decision rule for in-hospital cardiac arrest. Specifically, we wanted to determine if readily available patient and arrest characteristics could be combined during the resuscitation to identify which patients had no chance of being discharged from hospital. This rule would therefore allow the treating team to discontinue futile resuscitation efforts.
RESULTS
During the clinical trials, 1472 patients were treated for in-hospital cardiac arrest. However, 376 of them were excluded from analysis because of exclusion criteria for the randomized trials. Nineteen (1.3%) were excluded because of incomplete data.
For derivation of the prediction rule, 1077 patients were eligible ( Table 1) . Patients were more commonly
PATIENTS AND METHODS
Patients were eligible for this study if they suffered inhospital cardiac arrest and were enrolled in 1 of 2 randomized controlled trials. These negative trials determined that neither high-dose epinephrine 13 nor active compression-decompression cardiopulmonary resuscitation (CPR) 14 increased resuscitation from cardiac arrest. To be included in these studies, patients had to undergo CPR in the hospital. Consequently, patients whose resuscitation required defibrillation only were not included. Patients resuscitated in the emergency department had a spontaneous pulse when presenting to the department and subsequently underwent an arrest while in the department. Patients were excluded if they were younger than 16 years; had a terminal illness; had been without CPR for more than 15 minutes after their collapse; had acute trauma or exsanguination; were in the operating, recovery, or delivery rooms at the time of the arrest; had a recent sternotomy; or were judged (as determined by a blinded chart review) to have received inappropriate CPR (eg, a respiratory arrest with detectable pulse). These studies took place at 5 university-associated, tertiary care teaching hospitals in Ottawa and London, Ontario, between 1989 and 1995.
During the resuscitations, nurses, respiratory therapists, orderlies, and physicians administered CPR. These hospital staff members were fully trained in standard CPR and required regular testing. Advanced cardiac life support was directed by staff physicians or senior medical residents using standard protocols published by the American Heart Association. 15 During the epinephrine trial, 13 patients were randomized to receive either high (7-mg) or standard (1-mg) dosages of epinephrine. During the active compression-decompression-CPR trial, 14 patients were randomized to receive either standard CPR or a device for active chest compression-decompression. Otherwise, resuscitation efforts were identical in the 2 studies. Neither study showed a significant difference between treatment and control groups.
Following each cardiac arrest, the resuscitation team completed data collection forms. Physicians documented the suspected cause of the arrest as well as the cardiac rhythm noted at the start of advanced cardiac life support. Resuscitation nurses recorded all other factors. The arrest was considered "unwitnessed" if the patient lost spontaneous circulation in the absence of another person. The duration of the arrest was defined as the time from the start of CPR to either return of spontaneous circulation or cessation of resuscitative efforts. A study nurse abstracted current and past medical conditions of each patient from the medical record. All resuscitated patients were followed up until death or discharge from hospital. Prior to discharge, the neurologic status of all patients were evaluated with the Modified Mini-Mental State Examination 16 and a 5-point scale of cerebral performance. 17 Data from both studies were combined and all clinical variables were assessed for association with discharge from hospital using the 2 test (for nominal data) or the unpaired separate-variance Student t test (for continuous data). Age and resuscitation duration was dichotomized at clinically reasonable cutoff points and analyzed as nominal variables. Variables that were significantly associated with survival-to-discharge (PϽ.05, 2-tailed) were analyzed by a 2 recursive-partitioning technique using a P value threshold of .05 for each split. 18, 19 Our goal was to generate a decision rule that would accurately identify patients with any chance of being discharged from hospital. For the decision rule, we chose the statistical model that offered a sensitivity of 1.0 (ie, no patients discharged from the hospital were predicted by the decision rule to die in hospital). Since several models meeting this standard were derived, that with the highest possible specificity was chosen as the final decision rule.
The performance of the derived decision rule for identifying patients with no chance of discharge from hospital was assessed by calculating sensitivity, specificity, and negative and positive predictive values with 95% confidence intervals (CIs). 20 A receiver operating characteristics curve was not calculated since the prediction rule is binary. To determine what effect the decision rule could have if used clinically, the outcome of patients identified by the decision rule as having no chance of discharge was determined. All analyses were performed using SPSS for Windows, Version 7.0 (SPSS Inc, Chicago, Ill) and KnowledgeSEEKER for Windows 3.1 (Angoss Software, Toronto, Ontario). men and had a mean age of 68 years, with 35% being older than 75 years. Cardiovascular disease was more common than respiratory disease as a current diagnosis, a pattern also seen for chronic diagnoses. Most arrests were witnessed and occurred on the hospital ward. For witnessed cases in which the time of collapse could be determined, delay to CPR and advanced cardiac life support was short. In 31.4% of arrests, the initial cardiac rhythm was either ventricular tachycardia or fibrillation, with the remainder of the patients having asystole or pulseless electrical activity. Most arrests had a cardiac cause; 9.6% of the patients survived to discharge. Survivors had good cognitive function with a median Modified Mini-Mental State Examination score only slightly lower than normal. Patients from the 2 trials were similar for most characteristics.
The association of patient and resuscitation variables with survival-to-discharge is shown in Table 2 .
Although mean age was not associated with survival, patients older than 75 years were significantly less likely to survive. Neither sex nor any of the current or past diagnoses were associated with survival. Cardiac arrests of survivors were more likely to be witnessed, to have either ventricular tachycardia or fibrillation as the initially recorded rhythm, and were shorter in duration. Groups did not differ with respect to treatment delays, or location and cause of arrest.
Using the variables significantly associated with survival-to-discharge, recursive partitioning identified 3 resuscitation factors that predicted no chance of survival (Figure) . All patients died if there was no pulse 10 minutes after the start of CPR, the initial cardiac rhythm was not ventricular tachycardia or fibrillation, and the arrest was not witnessed. These factors were combined into the resuscitation rule, whereby continued resuscitation is unnecessary if all the following are true: (1) no pulse 10 minutes after the start of CPR; (2) initial cardiac rhythm is not ventricular tachycardia or fibrillation; and (3) the arrest was not witnessed. In our study population, this decision rule predicted 119 patients (11.0%) to die in hospital and correctly identified all patients who were discharged from hospital (sensitivity, 100%; 95% CI, 97.1%-100%) ( Table 3) . The low specificity (12.2%; 95% CI, 10.3%-14.4%) and positive predictive value (10.8%; 95% CI, 8.9%-12.8%) are the trade-offs for the high sensitivity.
Of the 119 patients identified by the decision rule to die in hospital, 99 (83.1%) could not be resuscitated with resuscitations lasting a mean of 25.6 minutes (range, 10-60 minutes). The remaining 20 patients survived a total of 1147 hours (mean, 57.4 hours; range, 1-240 hours), or 47.9 days in the intensive care unit. Details of the 7 patients identified by the rule to not survive who lived longer than 24 hours following the arrest are summarized in Table 4 . All but 2 patients had multisystem disease prior to the arrest. Three of the patients (patients 3, 4, and 6) experienced new problems in hospital prior to the arrest and all except patient 4 experienced an arrest within the first week of hospitalization. Following the arrest, patients 1 through 4 had anoxic encephalopathy severe enough to preclude meaningful interaction with their environment; discussion with families resulted in life support being withdrawn. The remaining patients were able to participate in decisions regarding their treatment and all decided to not undergo further resuscitation in the event of cardiac arrest. Each patient died within 24 hours of extubation and only 1 (patient 6) was transferred out of the intensive care unit prior to death.
COMMENT
To our knowledge, this study represents the largest collection of prospectively gathered data for in-hospital cardiac arrests. With commonly available factors, our resuscitation rule identified all patients having any chance of being discharged from hospital following resuscitation. For patients identified by the rule as having no chance of survival, resuscitative efforts were often prolonged. At least 16.8% of patients predicted by the rule to die were treated in hospital for often extensive amounts of time following the arrest. If this decision rule is validated with prospectively collected data, it should be easy to use and avoid futile resuscitative efforts.
Decision rules can improve clinical decision making, 21 decrease unnecessary investigations, 22 and decrease the cost of health care delivery. 23 This study meets most methodological standards for the development of clinical decision rules. 24, 25 The outcome predicted by the rule was clearly defined and clearly important. Since many characteristics of both the patients and study sites were described, the generalizability of the rule can be determined. The mathematical techniques used for the derivation of the rule were delineated and valid. Estimates for ramifications of the rule's application were given. The rule is clinically sensible since other studies have associated death after resuscitation with each variable in the rule including prolonged resuscitative efforts, 2, 6, 7, 26 initial rhythms other than ventricular tachycardia or fibrillation, [6] [7] [8] [9] 27, 28 and unwitnessed arrest. 7 Finally, the rule is easy to use, and suggests a course of action.
This study has several limitations. First, the rule has not been prospectively validated. The performance characteristics of the rule could change when applied to a different group of patients. Second, we did not determine the reliability of the variables included in the rule. Most likely, interobserver agreement for whether the arrest was witnessed is high. However, agreement may be lower for classification of the initial cardiac rhythm. Unreliable variables will decrease a rule's reproducibility. Prior to prospective validation, definitions for these and other parameters need to be developed and their interobserver agreement needs to be determined. Third, current and past diagnoses were grouped into relatively large categories (eg, respiratory disease), therefore making it impossible to determine the effect that particular diagnoses (eg, pneumonia) had on resuscitation outcome.
Fourth, the rule included factors concerning patient status at the start of the arrest and used them to predict prognosis 10 minutes later if resuscitation was unsuccessful. Therefore, the rule does not consider any factors arising within the first 10 minutes of the arrest. During this time, prognostically important cardiac rhythms and responses to therapy could occur. Also, the rule does not include recently described prognostic factors such as end-tidal carbon dioxide levels. Several studies 29, 30 have suggested this to be a powerful predictor of survival from cardiac arrest. Future studies need to determine if these and other data can be added to the present prediction rule to improve its performance.
Finally, it is uncertain how effective this rule could be, even if validated. Situations could arise where a physician decides that the rule should not apply to a particular patient because of what are considered to be special, individual circumstances. This is valid since clinical judgment must always be used when applying any clinical decision rule. Further research is needed to determine how frequently this would occur with a particular rule. Also, the rule identified only 12% of all people dying after in-hospital cardiac arrest. Most of these patients were not successfully resuscitated. Using the decision rule to predict patient death minutes prior to it actually happening is not terribly useful. However, we believe the rule would help physicians with limited experience in cardiac resuscitation decide when continued resuscitation is futile.
Despite these uncertainties, we believe that this decision rule, if validated, has the potential to be helpful. It will decrease the amount of time and effort that staff expend on futile cardiac resuscitations. While the rule will not protect families from difficult emotions associated with a loved one's sudden death, stressful days of watching and waiting could be avoided. Finally, the costs saved by using the rule to avoid prolonged stays in the intensive care unit could be used to improve other areas of the health care system. However, these potential benefits can only be realized if the rule is validated in a prospective, multicenter study.
In summary, we have derived a simple and accurate decision rule that identifies all patients with a chance of surviving in-hospital cardiac arrest. The rule is explicit, easy to apply, uses objective data that are readily available at all cardiac arrests, and could significantly decrease the amount of futile postresuscitation care. If validated, the rule could be combined with astute clinical judgment to more effectively use cardiac resuscitation. 
